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(57) ABSTRACT 

A dielectric ceramic composition comprising 100 moles of 
barium titanate as the main component, and furthermore 
comprising With respect to 100 moles of the main compo 
nent 0.1 to 3 moles of a ?rst subcomponent including a 
magnesium oxide, 0.01 to 0.5 mole (note that 0.5 is not 
included) of a second subcomponent including a yttrium 
oxide, 0.01 to 0.2 mole of a third subcomponent including 
a Vanadium oxide, and 0.5 to 10 moles of a glass component 
including a silicon oxide as the main component; Wherein a 
manganese oxide and a chrome oxide are substantially not 
included, and an average particle diameter of dielectric 
particles is 0.35 pm or smaller. 

9 Claims, 6 Drawing Sheets 
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DIELECTRIC CERAMIC COMPOSITION 
AND ELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a dielectric ceramic 

composition, a multilayer ceramic capacitor and an elec 
tronic device, and particularly relates to a dielectric ceramic 
composition being excellent in all of permittivity, capacity 
temperature characteristics and a high temperature load 
lifetime even When dielectric particles composing the dielec 
tric ceramic composition are made ?ner. 

2. Description of the Related Art 
In recent years, electronic apparatuses have been rapidly 

made doWnsiZed and higher in performance, and there has 
been a demand for electronic devices to be mounted in the 
electronic apparatuses to be also doWnsiZed and higher in 
performance. Multilayer ceramic capacitors as an example 
of the electronic devices have been demanded to be doWn 
siZed and to have a larger capacity. 

Also, these electronic apparatuses are used under various 
environments depending on the use objects, so that high 
reliability is demanded in temperature characteristics and 
lifetime, etc. 
As necessary characteristics to satisfy such demands, a 

stable capacity-temperature change rate and a long durabil 
ity under severe conditions as Well as high permittivity may 
be mentioned. 

Thus, to solve these points, the present inventors have 
studied on subcomponents of a dielectric ceramic composi 
tion and developed a capacitor having Well-balanced per 
mittivity, capacity-temperature change rate and high tem 
perature load lifetime as disclosed in the Japanese 
Unexamined Patent Publication No. 2005-104772. 

HoWever, the present inventors pursued furthermore 
improvement of performance and obtained knowledge that 
dielectric particles composing the dielectric ceramic com 
position had to be ?ner to make the dielectric layers thinner 
and larger in number. When actually attempting to make the 
dielectric particles of the dielectric ceramic composition 
?ner as disclosed in the Japanese Unexamined Patent Pub 
lication No. 2005-104772, it turned out that the speci?c 
permittivity abruptly declined When an average particle 
diameter of the dielectric particles became 0.35 um or 
smaller. 

Namely, When making the dielectric particles ?ner, par 
ticularly When the average particle diameter of the dielectric 
particles is made 0.35 pm or smaller, approaches of the 
related art to improve the characteristics turned out to be 
ineffective. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a dielec 
tric ceramic composition, Which exhibits preferable speci?c 
permittivity, a capacity-temperature change rate and a high 
temperature load lifetime even When an average particle 
diameter of the dielectric particles is 0.35 pm or smaller. 
Another object of the present invention is to provide a 
capacitor having a dielectric layer formed by the dielectric 
ceramic composition. 

To attain the above object, the present inventors have been 
committed themselves to study and found the folloWing neW 
knoWledge. Namely, When an average particle diameter of 
the dielectric particles becomes 0.35 pm or smaller, segre 
gation of a yttrium oxide as a subcomponent of the dielectric 
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2 
ceramic composition is easily caused to increase defects, 
Which has been considered as a factor of declining the 
speci?c permittivity. 

In the present invention, it Was found that, by decreasing 
an adding amount of a yttrium oxide and furthermore 
adjusting an average particle diameter of the dielectric 
particles, characteristics such as the speci?c permittivity, 
capacity-temperature change rate and high temperature load 
lifetime, could be improved. 

Namely, according to the present invention, there is 
provided a dielectric ceramic composition comprising: 

a main component including barium titanate; 
a ?rst subcomponent including a magnesium oxide; 
a second subcomponent including a yttrium oxide; 
a third subcomponent including a vanadium oxide; and 
a glass component including a silicon oxide as the main 

component; 
Wherein rates of respective subcomponents With respect to 

100 moles of barium titanate as the main component are; 
the ?rst subcomponent: 0.1 to 3 moles, 
the second subcomponent: 0.01 to 0.5 mole (note that 0.5 

is not included), 
the third subcomponent: 0.01 to 0.2 mole, and 
the glass component: 0.5 to 10 moles; 
a manganese oxide and a chrome oxide are substantially 

not included; and 
an average particle diameter of dielectric particles com 

posing the dielectric ceramic composition is 0.35 um or 
smaller. 
According to the present invention, it is possible to 

provide a dielectric ceramic composition having a preferable 
capacity-temperature change rate and high temperature load 
lifetime While maintaining high permittivity, even in the case 
of making an average particle diameter of the dielectric 
particles as ?ne as 0.35 pm or smaller, as a result that the 
subcomponents and glass component of the dielectric 
ceramic composition satisfy the composition ranges as 
above and, particularly, an adding amount of a yttrium 
oxide, Which has been considered to be necessarily added in 
a certain amount (0.5 mole) or larger to improve the char 
acteristics, is decreased. 

Preferably, glass component is expressed by a chemical 
formula MxSiO3, Wherein “M” includes at least one of Ba, 
Ca, Sr, Li and B and “x” is in a range of 2/3 to 2. 

Preferably, Ba/ Ti indicating a mole ratio of Ba and Ti in 
the barium titanate is in a range of 0.985 to 1.033, more 
preferably 0.990 to 1.030, and furthermore preferably 1.011 
to 1.030. When Ba/Ti is too small, the speci?c permittivity, 
capacity-temperature change rate and high temperature load 
lifetime tend to all decline. When Ba/Ti is too large, the 
speci?c permittivity and high temperature load lifetime tend 
to decline. 

Preferably, a half value Width of a peak of (111) plane of 
the dielectric ceramic composition is 0.143 degree or 
smaller, more preferably 0.140 degree or smaller, and fur 
thermore preferably 0.135 degree or smaller. When the half 
value Width is too large, it is liable that the crystalline 
deteriorates and the high temperature load lifetime decline. 
Furthermore, abnormal grain groWth may be caused in some 
cases. 

Preferably, a manganese oxide is substantially not 
included in the dielectric ceramic composition, and a spe 
ci?c content thereof is 0.01 mole or smaller With respect to 
100 moles of barium titanate. When a manganese oxide is 
included, it segregates near nickel internal electrodes and 
oxidiZes the nickel electrodes, so that breaking of the 
electrodes arises. 
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Preferably, a chrome oxide is substantially not included in 
the dielectric ceramic composition, and a speci?c content 
thereof is 0.01 mole or smaller With respect to 100 moles of 
barium titanate. It is desired not to use a chrome oxide in 

terms of environment issues. 

An electronic device according to the present invention 
comprises a dielectric layer composed of the dielectric 
ceramic composition as above. 
A multilayer ceramic capacitor as an example of the 

electronic device according to the present invention com 
prises a capacitor element body obtained by alternately 
stacking dielectric layers composed of the dielectric ceramic 
composition as above and internal electrode layers. 

Preferably, a capacity-temperature change rate (AC/C20) 
in a state of being applied With a direct current voltage 
having electric ?eld strength of 1V/ pm at a temperature of 
85° C. is Within 110% When assuming capacitance With an 
applied voltage of 0V at a temperature of 20° C. as the 
criterion. 

Preferably, a thickness of the dielectric layer is 3 um or 
thinner. 

Preferably, When measuring a high temperature load life 
time by maintaining a state of applying a direct current of 
30V/um at a testing temperature of 200° C., time from the 
start of the application of the direct current voltage until 
reaching of a current value of a detected current to 2 mA or 

higher in a state of being applied With the direct current 
voltage is 25 hours or longer, more preferably 35 hours or 
longer, and furthermore preferably 50 hours or longer. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other objects and features of the present 
invention Will become clearer from the folloWing descrip 
tion of the preferred embodiments given With reference to 
the attached draWings, in Which: 

FIG. 1 is a schematic cross-sectional vieW of a multilayer 
ceramic capacitor according to an embodiment of the 

present invention; 
FIG. 2 is a graph shoWing relationships of speci?c per 

mittivity and an average particle diameter of dielectric 
particles in an example of the present invention and a 
comparative example; 

FIG. 3 is a graph shoWing a relationship of speci?c 
permittivity and Ba/Ti in an example of the present inven 

tion; 
FIG. 4 is a graph shoWing a relationship of a high 

temperature load lifetime and Ba/Ti in an example of the 

present invention; 
FIG. 5 is a graph shoWing a relationship of a capacity 

temperature change rate at 85° C. and Ba/Ti in an example 
of the present invention; and 

FIG. 6 is a graph shoWing a relationship of a capacity 
temperature change rate at —25° C. and Ba/Ti in an example 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shoWn in FIG. 1, a multilayer ceramic capacitor 2 
according to an embodiment of the present invention 
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4 
includes a capacitor element body 4 con?gured by alter 
nately stacking dielectric layers 10 and internal electrode 
layers 12. One side of the alternately stacked internal 
electrode layers 12 is electrically connected to inside of a 
?rst terminal electrode 6 formed outside of a ?rst terminal 
portion 4a of the capacitor element body 4. Also, the other 
side of the alternately stacked internal electrode layers 12 is 
electrically connected to inside of a second terminal elec 
trode 8 formed outside of a second terminal portion 4b of the 
capacitor element body 4. 
A shape of the capacitor element body 4 is not particularly 

limited and suitably selected in accordance With an object 
and use thereof, but it is normally a rectangular parallelepi 
ped shape. The siZe is not limited, either, and suitably 
selected in accordance With an object and use thereof. It is 

normally length (0.4 to 5.6 mm)><Width (0.2 to 5.0 mm)>< 
height (0.2 to 1.9 mm) or so. 
The dielectric layers 10 include the dielectric ceramic 

composition of the present invention. 
The dielectric ceramic composition according to the 

present embodiment comprises 
a main component including barium titanate, 
a ?rst subcomponent including a magnesium oxide, 
a second subcomponent including a yttrium oxide, 
a third subcomponent including a vanadium oxide, and 
a glass component including a silicon oxide as the main 

component; 
Wherein 
a manganese oxide and a chrome oxide are substantially 

not included, and 
an average particle diameter of dielectric particles com 

posing the dielectric ceramic composition is 0.35 um or 
smaller, preferably 0.27 um or smaller. When an average 
particle diameter of the dielectric particles becomes larger, 
the speci?c permittivity tends to decline. 
The ?rst subcomponent is preferably MgO and is con 

tained in an amount of 0.1 to 3 moles and preferably in an 

amount of 0.5 to 2 moles With respect to 100 moles of 
barium titanate. When the content is too small, resistance to 
reduction and a high temperature load lifetime thereof tend 
to decline, While When too large, it is liable that the sinter 
ability is deteriorated and the speci?c permittivity declines. 
The second subcomponent is preferably YZO3 and is 

contained in an amount of 0.01 to 0.5 mole (note that 0.5 is 
not included) and preferably in an amount of 0.2 to 0.4 mole 
With respect to 100 moles of barium titanate. When the 
content is too small, the high temperature load lifetime tends 
to decline, While When too large, the speci?c permittivity 
tends to decline. 

The third subcomponent is preferably V205 and is con 
tained in an amount of 0.01 to 0.2 mole and preferably 0.01 
to 0.15 mole With respect to 100 moles of barium titanate. 
When the content is too small, an effect of ?attening the 
capacity-temperature characteristics decreases and the IR 
lifetime tends to decline, While When too large, the IR tends 
to decline remarkably. 
The glass component is preferably expressed by the 

chemical formula MxSiO3, Wherein “M” includes at least 
one of Ba, Ca, Sr, Li and B and “x” is in a range of2/3 to 2. 

More preferably, it is BaOLCaUwOSiO3 and is contained in an 
amount of 0.5 to 10 moles and preferably in an amount of 
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0.5 to 3 moles With respect to 100 moles of barium titanate. 
When the content is too small, the sinterability tends to 
deteriorate, While When too large, the speci?c permittivity 
tends to decline. 

Furthermore, BaOLCalwOSiO3 as a composite oxide has a 
loW melting point and exhibits preferable reactivity to the 
main component, so that BaO and/or CaO are preferably 
added as a composite oxide as above than to be respectively 
added as BaO and CaO as single oxides. 

Note that the mark “0t” indicating a composition mole 
ratio of Ba and Ca may be any (Oéaél) and only one of 
them may be included, but 0.3 éoté 0.7 is preferable. 

The “Ba/ Ti” indicating a mole ratio of Ba and Ti in barium 
titanate as the main component of the dielectric ceramic 
composition is 0.985 to 1.033, more preferably 0.990 to 
1.030, and furthermore preferably 1.011 to 1.030. When the 
Ba/Ti is too small, all of the speci?c permittivity, capacity 
temperature change rate and high temperature load lifetime 
tend to decline. When the Ba/Ti is too large, the speci?c 
permittivity and high temperature load lifetime tend to 
decline. 
A half value Width of a peak of (111) plane of the 

dielectric ceramic composition is 0.143 degree or smaller, 
more preferably 0.140 degree or smaller, and furthermore 
preferably 0.135 degree or smaller. When the half value 
Width is too large, it is liable that the crystalline state 
declines and the high temperature load lifetime declines. 
Furthermore, abnormal grain groWth may arise in some 
cases. 

The manganese oxide is mainly MnO and it does not 
matter if it is to an extent of substantially not included. The 

content is preferably 0.01 mole or smaller, more preferably 
0.005 mole or smaller, and furthermore preferably 0.0001 
mole or smaller With respect to 100 moles of barium titanate. 

The chrome oxide is mainly Cr2O3 and it does not matter 
if it is to an extent of substantially not included. The content 

is preferably 0.01 mole or smaller, more preferably 0.005 
mole or smaller, and furthermore preferably 0.0001 mole or 
smaller With respect to 100 moles of barium titanate. 
A conductive material included in the internal electrode 

layers 12 is not particularly limited and base metals may be 
used because components of the dielectric layers 10 has 
resistance to reduction. As base metals to be used as the 

conductive material, Ni or a Ni alloy is preferable. As a Ni 
alloy, an alloy of at least one kind of element selected from 
Mn, Cr, Co and A1 with Ni, and a Ni content in the alloy is 
preferably 95 Wt % or larger. 

Note that Ni or a Ni alloy may include P or other variety 
of trace components in an amount of not exceeding 0.1 Wt 
% or so. 

A thickness of one internal electrode layer may be suit 
ably determined and is normally 0.5 to 5 um and particularly 
preferably 0.5 to 1.5 pm. 
A conductive material to be included in the terminal 

electrodes 6 and 8 is not particularly limited and inexpensive 
Ni, Cu and alloys of these may be used in the present 
invention. Also, a thickness of each of the terminal elec 
trodes 6 and 8 may be suitably determined in accordance 
With the use object, etc., but is normally 10 to 50 pm or so. 
A multilayer ceramic capacitor using the dielectric 

ceramic composition of the present invention is produced by 
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6 
forming a green chip by a normal printing method or sheet 
method using pastes, ?ring the same, printing or transferring 
terminal electrodes thereon and ?ring in the same Way as in 
the related art. BeloW, the production method Will be 
explained speci?cally. 

First, dielectric ceramic composition poWder included in 
dielectric layer paste is prepared and made to be slurry to 
fabricate dielectric layer paste. The dielectric layer paste 
may be organic based slurry obtained by kneading the 
dielectric ceramic composition poWder With an organic 
vehicle, or Water based slurry. 

As the dielectric ceramic composition poWder, the oxides 
mentioned above, mixtures of them, and composite oxides 
may be used, alternately, it may be suitably selected from a 
variety of compounds to be the above oxides and composite 
oxides by ?ring, such as carbonate, oxalate, nitrate, hydrox 
ide and organic metal compound, etc., and mixed for use. 
Contents of respective compounds in the dielectric ceramic 
composition poWder may be determined so as to attain a 
composition of the above dielectric ceramic composition 
after ?ring. A particle diameter of the dielectric ceramic 
composition poWder is normally 0.1 to 1.0 um or so as an 
average particle diameter in a state before being made to be 
slurry. 
An organic vehicle is obtained by dissolving a binder in 

an organic solvent. The binder to be used for the organic 
vehicle is not particularly limited and may be suitably 
selected from a variety of normal binders, such as ethyl 
cellulose and polyvinyl butyral. Also, the organic solvent to 
be used is not particularly limited and may be suitably 
selected from a variety of organic solvents, such as terpineol, 
butyl carbitol, acetone, and toluene, in accordance With a 
method to be used, such as the printing method and sheet 
method. 

When using Water based slurry as dielectric layer paste, a 
Water based vehicle obtained by dissolving a Water-soluble 
binder and dispersant, etc. in Water may be kneaded With a 
dielectric material. The Water-soluble binder used for the 
Water based vehicle is not particularly limited and, for 
example, polyvinyl alcohol, cellulose and Water-soluble 
acrylic resin, etc. may be used. 
The internal electrode layer paste is fabricated by knead 

ing a conductive material formed by the above variety of 
conductive metals and alloys or a variety of oxides, organic 
metal compounds, and resinates, etc., Which become the 
above conductive material after ?ring, With the above 
organic vehicle. Terminal electrode paste may be fabricated 
in the same Way as the internal electrode layer paste 
explained above. 
A content of the organic vehicle in each of the paste is not 

particularly limited and may be a normal content of, for 
example, about 1 to 5 Wt % of the binder and about 10 to 50 
Wt % of the solvent. Also, each paste may include additives 
selected from a variety of dispersants, plasticiZers, dielec 
trics and insulators, etc. in accordance With need. A total 
content of them is preferably not larger than 10 Wt %. 

When using a printing method, the dielectric layer paste 
and the internal electrode layer paste are printed by stacking 
on a substrate, such as PET, cut to a predetermined shape and 
detached from the substrate so as to obtain a green chip. 
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While When using a sheet method, the dielectric layer 
paste is used for forming a green sheet, the internal electrode 
layer paste is printed thereon, and the results are stacked to 
obtain a green chip. 

Before ?ring, binder removal processing is performed on 
the green chip. The binder removal processing may be 
suitably determined in accordance With a kind of a conduc 
tive material in the internal electrode layer paste, and When 
using Ni, a Ni alloy or other base metal as the conductive 
material, the oxygen partial pressure in the binder removal 
atmosphere is preferably 10-45 to 105 Pa. When the oxygen 
partial pressure is too loW, the binder removal e?fect 
declines; While When too high, the internal electrode layer 
tends to be oxidiZed. 

Also, as other binder removal conditions, the temperature 
raising rate is preferably 5 to 300° C./hour and more 
preferably 10 to 100° C./hour, the holding temperature is 
preferably 180 to 400° C. and more preferably 200 to 350° 
C., and the temperature holding time is preferably 0.5 to 24 
hours and more preferably 2 to 20 hours. Also, the binder 
removal atmosphere is preferably in the air or a reducing 
atmosphere, and a preferable atmosphere gas in the reducing 
atmosphere is, for example, a Wet mixed gas of N2 and H2. 
An atmosphere at ?ring the green chip may be suitably 

determined in accordance With a kind of a conductive 

material in the internal electrode layer paste, and When using 
Ni, a Ni alloy and other base metal as the conductive 
material, the oxygen partial pres sure in the ?ring atmosphere 
is preferably 10'12 to 10'11 Pa. When the oxygen partial 
pressure is too loW, a conductive material in the internal 
electrode layer is abnormally sintered to be broken in some 
cases; While When too high, the internal electrode layer tends 
to be oxidiZed. 

Also, the holding temperature at ?ring is preferably 1100 
to 1400° C., and more preferably 1200 to 1350° C. When the 
holding temperature is too loW, densi?cation becomes insuf 
?cient, While When too high, breakings of electrodes due to 
abnormal sintering of the internal electrode layer, deterio 
ration of capacity-temperature characteristics due to disper 
sion of the internal electrode layer component, and reduction 
of the dielectric ceramic composition are easily caused. 

As other ?ring conditions, the temperature rising rate is 
preferably 50 to 500° C./hour and more preferably 200 to 
300° C./hour, the temperature holding time is preferably 0.5 
to 8 hours and more preferably 1 to 3 hours, and the cooling 
rate is preferably 50 to 500° C./hour and more preferably 
200 to 300° C./hour. Also, the ?ring atmosphere is prefer 
ably a reducing atmosphere and a preferable atmosphere gas 
is, for example, a Wet mixed gas of N2 and H2. 
When ?ring in a reducing atmosphere, it is preferable that 

annealing is performed on the capacitor element body. 
Annealing is processing for re-oxidiZing the dielectric layer 
and the IR lifetime is remarkably elongated thereby, so that 
the reliability is improved. 
An oxygen partial pressure in the annealing atmosphere is 

preferably 10'8 Pa or higher, and particularly preferably 
10’ to 10'6 Pa. When the oxygen partial pressure is too loW, 
re-oxidiZation of the dielectric layer becomes di?icult, While 
When too high, the internal electrode layer tends to be 
oxidiZed. 
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8 
The holding temperature at annealing is preferably 1100° 

C. or loWer, and particularly preferably 500 to 1100° C. 
When the annealing temperature is too loW, oxidiZation of 
the dielectric layer generally becomes insu?icient, so that 
the IR becomes loW and the IR lifetime becomes short 
easily. On the other hand, When the holding temperature at 
annealing is too high, not only the internal electrode layer is 
oxidiZed to decrease the capacitance, but the internal elec 
trode layer reacts With the dielectric base material, and 
deterioration of the capacity-temperature characteristics, a 
decline of the IR and a decline of the IR lifetime are easily 
caused. 

Note that the annealing may be composed only of a 
temperature rising step and a temperature loWering step. 
Namely, the temperature-holding time may be Zero. In this 
case, the holding temperature is a synonym of the highest 
temperature. As other annealing conditions, the temperature 
holding time is preferably 0 to 20 hours and more preferably 
2 to 10 hours, and the cooling rate is preferably 50 to 500° 
C./hour and more preferably 100 to 300° C./hour. Also, a 
preferable atmosphere gas of annealing is, for example, a 
Wet N2 gas, etc. 

In the above binder removal processing, ?ring and anneal 
ing, for example, a Wetter, etc. may be used to Wet the N2 gas 
and mixed gas, etc. In this case, the Water temperature is 
preferably 5 to 75° C. or so. 

The binder removal processing, ?ring and annealing may 
be performed continuously or separately. When performing 
continuously, the atmosphere is changed Without cooling 
after the binder removal processing, continuously, the tem 
perature is raised to the holding temperature at ?ring to 
perform ?ring. Next, it is cooled and the annealing is 
preferably performed by changing the atmosphere When the 
temperature reaches to the holding temperature of the 
annealing. 
End surface polishing, for example, by barrel polishing or 

sand blast, etc. is performed on the capacitor element body 
obtained as above, and the terminal electrode paste is printed 
or transferred and ?red to form terminal electrodes 6 and 8. 
Burning processing of the terminal electrode paste is pref 
erably performed, for example, in a mixed gas of N2 and H2 
at 600 to 800° C. for 10 minutes to 1 hour or so in the present 

embodiment. A cover layer is formed by plating, etc. on the 
surface of the terminal electrodes 6 and 8 if necessary. 
A multilayer ceramic capacitor of the present invention 

produced as above is mounted on a print substrate, etc. by 
soldering, etc. and used for a variety of electronic appara 
tuses, etc. 

Note that the multilayer ceramic capacitor of the present 
embodiment exhibits excellent temperature characteristics 
and high temperature load lifetime in a state of being applied 
a direct current voltage of high electric ?eld strength even 
When a thickness of the dielectric layer is made as thin as 3 

pm or thinner. 

For example, When using capacitance at a temperature of 
20° C. applied With a voltage of 0V as a criterion, the 
capacity-temperature change rate (AC/C20) at a temperature 
of 85° C. applied With a direct current voltage having 
electric ?eld strength of lV/um is preferably Within 110%. 
As to the high temperature load lifetime, for example, 

under a condition of holding in a state of being applied With 
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a direct current voltage of 30V/um at a testing temperature 
of 200° C., time from the start of application of the direct 
current voltage until reaching of a current value of a detected 
current to 2 mA or higher in a state of being applied With the 
direct current voltage is preferably 25 hours or longer, more 
preferably 35 hours or longer, and furthermore preferably 50 
hours or longer. 
An embodiment of the present invention Was explained 

above, hoWever, the present invention is not limited to the 
embodiment and may be variously modi?ed Within the 
scope of the present invention. 

For example, in the above embodiment, a multilayer 
ceramic capacitor Was explained as an example of electronic 
devices according to the present invention, but electronic 
devices according to the present invention is not limited to 
the multilayer ceramic capacitor and may be any as far as 
including a dielectric layer composed by the dielectric 
ceramic composition having the above composition. 

EXAMPLES 

BeloW, the present invention Will be explained based on 
further detailed examples, but the present invention is not 
limited to the examples. 

Example 1 

First, to produce a dielectric material, BaTiO3 as the main 
component, the ?rst to third subcomponents and a glass 
component Were prepared as starting materials. An average 
particle diameter of the starting materials Was suitably 
selected from a range of 0.15 to 1.0 pm, respectively. As the 

glass component MxSiO3, BaOLCaUwOSiO3 Was used. Note 
that a value of “0t” Was 0.58. 

As a material of MgO as the ?rst subcomponent, MgCO3 
as carbonate Was used, and oxides (the second subcompo 
nent: Y2O3, the third subcomponent: V205 and the glass 
component: BaO_58CaO_42SiO3) Were used as other materials. 
Note that BaO_58CaO_42SiO3 as the glass component Was 
Weighed to satisfy a predetermined ratio of BaCO3, CaCO3 
and SiO2 and produced by Wet mixing by a ball mill for 16 
hours, drying, then, ?ring at 1150° C. in the air and, 
furthermore, Wet grinding by a ball mill for 100 hours. 

Note that as to BaTiO3 as the main component, the same 
characteristics Were obtained also by using What produced 
by respectively Weighing BaCO3 and TiO2, Wet mixing by a 
ball mill for about 16 hours, drying the result, ?ring at 1100° 
C. in the air and Wet grinding by a ball mill for about 16 
hours. Also, as to BaTiO3 as the main component, the same 
characteristics Were obtained also by using What produced 
by hydrothermal synthesis method and the oxalate method, 
etc. 

These materials Were blended so as to obtain a composi 

tion after ?ring of 0.81 mole of MgO, 0.1 mole of V205, 1 
mole ofBaO_58CaO_42SiO3 and 0.2 mole or 1.04 mole ofY2O3 
With respect to 100 moles of BaTiO3 as the main component, 
Wet mixed by a ball mill for 16 hours and dried to obtain the 
dielectric material. 

By mixing by a ball mill 100 parts by Weight of the 
obtained dielectric material, 6 parts by Weight of an acrylic 
resin, 6 parts by Weight of toluene, 3.5 parts by Weight of 
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10 
methylethyl ketone, 6 parts by Weight of mineral spirit and 
4 parts by Weight of acetone to make slurry, so that dielectric 
layer paste Was obtained. 
By kneading by a three-roll mill 100 parts by Weight of Ni 

particles having an average particle diameter of 0.2 pm, 40 
parts by Weight of an organic vehicle (obtained by dissolving 
8 parts by Weight of ethyl cellulose in 92 parts by Weight of 
butyl carbitol) and 10 parts by Weight of butyl carbitol to 
make slurry, so that internal electrode paste Was obtained. 

By using the obtained dielectric layer paste, a sheet Was 
formed on a PET ?lm by the doctor blade method and dried, 
so that a green sheet Was obtained. At this time, a thickness 

of the green sheet Was made to be 2.5 um. After printing the 
internal electrode paste thereon, the sheet Was removed from 
the PET ?lm. Then, thus obtained green sheets and protec 
tive green sheet (the internal electrode paste is not printed 
thereon) Were stacked, pressed to bond, so that a green chip 
Was obtained. 

Next, the green chip Was cut to a predetermined siZe, 
subjected to binder removal processing, ?ring and annealing 
under the conditions explained beloW, so that a multilayer 
ceramic sintered body Was produced. 
The binder removal processing Was performed under the 

condition beloW. 
Temperature raising rate: 30° C./hour 
Holding temperature: 2750 C. 
Holding time: 8 hours 
Atmosphere: in the air 
The ?ring Was performed under the condition beloW. 

Temperature raising rate: 200° C./hour 
Holding temperature: 1180 to 1210° C. 
Holding time: 2 hours 
Oxygen partial pressure: 5><10_l2 Pa 
Atmosphere: HZiNZiHZO 
The annealing Was performed under the condition beloW. 

Temperature raising rate: 200° C./hour 
Holding temperature: 900 to 1100° C. 
Holding time: 2 hours 
Oxygen partial pressure: 1><10_6 Pa 
Atmosphere: Wet N2 gas 

Note that a Wetter With a Water temperature of 35° C. Was 

used to Wet the atmosphere gases in ?ring and re-oxidiZation 
processing. 
On both sides of the thus obtained sintered body, ln4Ga 

Was applied as terminal electrodes, so that a capacitor 
sample Was obtained. 

A siZe of the obtained capacitor samples Was 3.2 mm><1.6 
mm><0.6 mm, the number of dielectric layers sandWiched by 
internal electrode layers Was 100, a thickness (a thickness 
betWeen layers) of one dielectric layer Was 2.0 pm, and a 
thickness of one internal electrode layer Was 1.5 pm. 

Speci?c permittivity “E,” Was measured on the obtained 
capacitor. The measurement method Was as beloW. 

The speci?c permittivity (6,) Was obtained by measuring 
capacitance under a condition of the reference temperature 
of 25° C. by using a digital LCR meter (4274A made by 
YHP), a frequency of 1 kHZ and an input signal level 
(measurement voltage) of 1 Vrms. A speci?c permittivity 
Was calculated from the obtained capacitance, a siZe of 
electrodes of the capacitor sample and a distance betWeen 
the electrodes. Speci?c permittivity of 2800 or higher is 



US 7,220,691 B2 
11 

considered preferable and 3000 or higher is furthermore 
preferable. The results are shown in FIG. 2. 

FIG. 2 shoWs values of speci?c permittivity of samples 
including 0.2 mole of YZO3 and samples including 1.04 
moles of YZO3 When changing an average particle diameter 
of the dielectric particles from 0.15 um to 1.0 um. Note that 
among the samples including 0.2 mole of Y2O3, samples 
With dielectric particles having an average particle diameter 
of 0.35 um or smaller are examples, and samples With an 

12 
At temperatures —25° C. and +85° C., a direct current 

voltage having electric ?eld strength of 1V/ um Was applied 
to the capacitor samples, and capacitance in a state of being 
applied With the direct current voltage Was measured. By 
using as an criterion capacitance at a temperature of 20° C. 

and applied voltage of 0V, a capacity-temperature change 
rate (AC/C20) at each temperature Was calculated. Those 

Within 110% Were considered preferable at all temperature. 
10 

average particle diameter of larger than 0.35 pm are com- By keeping the capacitor samples in a State Of being 
parative examples. applied With a direct current voltage of 30V/um at 200° C., 
AS is Clear from FIG- 2, in Samples including 1-04 moles a high temperature load lifetime (HALT) Was measured. The 

of Y2O3 (Comparative examples), an abmPt decline of the high temperature load lifetime is particularly signi?cant 
Specl?c Permlmvlty 15 observed When an average pamcle 15 When making the dielectric layers thinner. In the present 

dlameter of the dlelecmc pam_C1eS becomes Smaller than example, time from the start of application of the direct 
0.40 pm. However, in samples including 0.2 mole of YZO3 . . 

_ _ current voltage until reaching of a current value of a detected 
(examples and comparative examples), a decline of the . . . . . 

. . . . . current to 2 mA or higher in a state of being applied With the 
spec1?c permittivity is not observed much even When an 20 d_ 1 _ d ? d 1_f _ h 
average particle diameter of the dielectric particles becomes lrect C_urrem _VO tage 15 e ne as a 1 enme' 25 Pulls or 
small_ From the facts’ When an average particle diameter of longer is considered preferable, 35 hours or longer is more 
the dielectric particles becomes Smaller’ particularly When preferable and 50 hours or longer is furthermore preferable. 
0.35 pm or smaller, high permittivity can be maintained by The results are shown In Table 1~ 

decreasing a content of Y2O3. Table 1 

TABLE 1 

Capacity 
Main Speci?c Temperature High 

Average Half Compo- Firing Permit- Change Rate Tempera 
Saln- Particle Value nent Subcornponent Temper- tivity (1 V/pm) ture Load 

ple Diameter Width BaTiO3 MgO Y2O3 V205 BaQCaUCQISiO3 MnO Cr2O3 ature (1 Vrrn/ ACJCQO [%] Lifetime 

No. [pm] [Degree] [mol] [mol] [mol] [mol] 0t [mol] [mol] [mol] [° C.] pm) —25° C. 85° C. [hr] 

1 0.40 0.133 100 1.78 0.20 0.06 0.58 1.59 0.00 0.00 1210 2190 -0.5 -9.9 19 

2 0.25 0.135 100 1.78 0.20 0.06 0.58 1.59 0.00 0.00 1180 3022 -3.4 —6.3 50 

Example 2 As is clear from Table 1, the sample 1, Wherein the 

Furthermore, samples having the same composition as 
that in the sample No. 7 listed as a comparative example in 
Table 2 in the paragraph number 0105 in the patent article 
1 and dielectric particles having a changed average particle 
diameter Were produced in the same Way as in the example 

1, and the characteristics Were measured. Both of the com 

positions are in the range of the present invention. The 
average particle diameter of the dielectric particles are 0.40 
pm in the sample described in the patent article 1 and 0.25 
pm in the sample of the present example. Also, a half value 
Width of a peak of (111) plane of the dielectric ceramic 
composition Was measured. A measurement condition of 
X-ray diffraction Was a voltage of 30 kV, a current of 30 mA, 
in a range of20:10° to 80°, a scanning speed of 1/16 deg/min, 
and an integral time of 1 sec. 

In evaluations of the characteristics, a capacity-tempera 
ture change rate (AC/C20) and a high temperature load 
lifetime (accelerated lifetime of insulation resistance/HALT) 
Were measured in addition to speci?c permittivity. Measure 
ment methods of a capacity-temperature change rate (AC/ 
C20) and a high temperature load lifetime Were as beloW. 

60 

65 

composition and half value Width are in the ranges of the 

present invention but an average particle diameter of the 

dielectric particles is out of the range of the present inven 

tion, exhibits poor characteristics. 

Accordingly, it is knoWn from FIG. 2 and Table 1 that, 
When an average particle diameter of the dielectric particles 

is 0.35 um or smaller, not only the speci?c permittivity but 
also the high temperature load lifetime declines by an 
approach of the related art to improve a high temperature 
load lifetime by increasing an adding amount of Y2O3. 

Example 3 

Next, samples Were produced in the same Way as in the 

example 1 except for changing an average particle diameter 
of the dielectric particles to 0.25 pm and changing a com 
position of subcomponents of the dielectric ceramic com 
position to a composition shoWn in Table 2, and measure 
ments Were made in the same Way as in the example 2. The 

results are shoWn in Table 2. 
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Table 2 

TABLE 2 

Capacity 
Main Speci?c Temperature High 

Average Half Compo- Firing Permit- Change Rate Tempera 
Sam- Particle Value nent Subcomponent Temper- tivity (1 V/pm) ture Load 

ple Diameter Width BaTiO3 MgO Y2O3 V205 BacCaé LUSiO; MnO Cr2O3 ature (1 Vrm/ AC./C.m % Lifetime 

No. [pm] [Degree] [mol] [mol] [mol] [mol] 0t [mol] [mol] [mol] [0 C ] pm) —250 C. 850 C. [hr] 

3 0.25 0.135 100 0.05 0.30 0.10 0.58 1.00 0.00 0.00 1180 3893 —5.2 —5.2 45 
4 0.25 0.135 100 0.11 0.30 0.10 0.58 1.00 0.00 0.00 1185 3721 —4.3 —6.3 48 
5 0.25 0.135 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1200 3292 —3.2 —7.6 52 
6 0.25 0.135 100 1.78 0.30 0.10 0.58 1.00 0.00 0.00 1210 3157 —1.2 —8.5 53 
7 0.25 0.135 100 2.96 0.30 0.10 0.58 1.00 0.00 0.00 1210 3001 0.3 —9.7 55 
8 0.25 0.135 100 0.81 0.01 0.10 0.58 1.00 0.00 0.00 1170 3356 —4.4 —7.3 35 
9 0.25 0.135 100 0.81 0.20 0.10 0.58 1.00 0.00 0.00 1180 3145 —4.5 —5.9 48 

10 0.25 0.135 100 0.81 0.48 0.10 0.58 1.00 0.00 0.00 1210 3047 —2.3 —8.7 60 
11 0.25 0.135 100 0.81 0.30 0.00 0.58 1.00 0.00 0.00 1220 3350 —1.1 —9.2 39 
12 0.25 0.135 100 0.81 0.30 0.01 0.58 1.00 0.00 0.00 1200 3342 —1.5 —8.5 42 
13 0.25 0.135 100 0.81 0.30 0.06 0.58 1.00 0.00 0.00 1200 3320 —3.1 —8.2 44 

14 0.25 0.135 100 0.81 0.30 0.19 0.58 1.00 0.00 0.00 1190 3153 —3.9 —7.7 55 
15 0.25 0.135 100 0.81 0.30 0.10 0.58 0.51 0.00 0.00 1240 3450 0.2 —9.8 42 
16 0.25 0.135 100 0.81 0.30 0.10 0.58 2.01 0.00 0.00 1190 3212 —3.2 —8.5 49 

17 0.25 0.135 100 0.81 0.30 0.10 0.58 3.02 0.00 0.00 1170 3032 —4.2 —8.1 37 
18 0.25 0.135 100 0.81 0.30 0.10 0.58 9.97 0.00 0.00 1150 3002 —5.8 —6.3 35 

As is clear from Table 2, samples 3 to 18, Wherein 
compositions of the subcomponents are in the range of the 
present invention, exhibited preferable results in all of a 30 
speci?c permittivity, capacity change rate and high tempera 
ture load lifetime. 

Examples 4 
35 

Next, samples Were produced in the same Way as in the 
example 1 except for changing Ba/ Ti indicating a mole ratio 
of Ba and Ti in BaTiO3 as the main component of the 
dielectric ceramic composition and changing a composition 
of subcomponents to compositions shoWn in Table 3, and 40 
measurements Were made in the same Way as in the example 
2. The results are shoWn in Table 3 and FIG. 3 to FIG. 6. 

Table 3 

It is knoWn from Table 3 that all of the samples 19 to 30 
satisfy the characteristics. Also, as is clear from Table 3 and 
FIG. 3, When Ba/Ti Was in a range of 0.990 to 1.030, the half 
value Width Was 0.140 degree or smaller and the speci?c 
permittivity Was 3000 or higher, Which Were preferable. 
Particularly, When Ba/Ti Was in a range of 1.011 to 1.030, 
furthermore preferable results Were obtained. 

As is clear from Table 3 and FIG. 4, When Ba/Ti is in a 
range of 0.990 to 1.030, the high temperature load lifetime 
became 35 hours or longer, Which Was preferable. Particu 
larly, When Ba/Ti Was in a range of 1.011 to 1.030, further 
more preferable results Were obtained. 

As is clear from Table 3, FIG. 5 and FIG. 6, as Ba/Ti 
became larger, the capacity-temperature change rate became 
more preferable. While, When Ba/Ti is too large, character 

TABLE 3 

High 
Tem 

Aver- Spe- Capacity- pera 
age Main ci?c Temperature ture 

Parti- Half Compo- Firing Permit- Change Rate Load 
Sam- cle Di- Value nent Subcomponent Temper- tivity (1 V/pm) Life 

ple ameter Ba/Ti Width BaTiO3 MgO Y2O3 V205 BacCag iUSiO; MnO Cr2O3 ature (1 Vrm/ AC./C.2Q % time 

No. [pm] Ratio [Degree] [mol] [mol] [mol] [mol] 0t [mol] [mol] [mol] [0 C.] pm) —250 C. 850 C. [hr] 

19 0.25 0.985 0.143 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1180 2920 —6.4 —10.0 29 
20 0.25 0.990 0.140 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1180 3000 —5.2 —9.8 35 

21 0.25 0.996 0.139 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1180 3012 —4.8 —9.3 37 
22 0.25 1.002 0.139 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1180 3021 —4.8 —8.7 39 
23 0.25 1.007 0.138 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1190 3043 —4.5 —8.2 41 

24 0.25 1.011 0.136 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1200 3213 —4.1 —8.1 48 
25 0.25 1.014 0.135 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1200 3301 —3.5 —7.7 54 
26 0.25 1.017 0.135 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1200 3292 —3.2 —7.6 52 

27 0.25 1.022 0.134 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1220 3281 —2.7 —7.4 53 
28 0.25 1.025 0.135 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1230 3221 —1.8 —7.3 52 
29 0.25 1.030 0.137 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1250 3147 —0.7 —6.8 50 

30 0.25 1.033 0.142 100 0.81 0.30 0.10 0.58 1.00 0.00 0.00 1260 2847 0.2 —5.2 34 
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istics of the speci?c permittivity and high temperature load 
lifetime decline, so that it is preferable that Ba/Ti is in a 
range of 0.990 to 1.030 and the half value Width is 0.140 
degree or smaller in vieW of balancing the speci?c permit 
tivity, capacity-temperature change rate and high tempera 
ture load lifetime. 
As explained above, When an average particle diameter of 

the dielectric particles becomes smaller, particularly When 
0.35 um or smaller, the characteristics decline in the related 
art. An improvement of the high temperature load lifetime 
Was attained by increasing an adding amount of YZO3 in the 
related art, While in the present invention, by inversely 
decreasing the adding amount of YZO3 and suitably adjust 
ing a composition of other subcomponents, all of the char 
acteristics of the speci?c permittivity, capacity-temperature 
change rate and high temperature load lifetime Were satis 
?ed. Also, it Was con?rmed that preferable characteristics 
Were exhibited by setting Ba/Ti in BaTiO3 and a half value 
Width of a peak of (111) plane of the dielectric ceramic 
composition to be in certain value ranges. 
What is claimed is: 
1. A dielectric ceramic composition comprising: 
a main component including barium titanate; 
a ?rst subcomponent including a magnesium oxide; 
a second subcomponent including a yttrium oxide; 
a third subcomponent including a vanadium oxide; and 
a glass component including a silicon oxide as the main 

component; 
Wherein rates of respective subcomponents With respect to 

100 moles of barium titanate as the main component 
are; 

the ?rst subcomponent: 0.1 to 3 moles, the second sub 
component: 0.01 or more to less than 0.5 mole, 

the third subcomponent: 0.01 to 0.2 mole, and 
the glass component: 0.5 to 10 moles; 
a manganese oxide and a chrome oxide are substantially 

not included; 
an average particle diameter of dielectric particles com 

posing said dielectric ceramic composition is 0.35 pm 
or smaller; 

Wherein Ba/Ti, indicating a mole ratio of Ba and Ti in the 
barium titanate, is in a range of 1.011 to 1.030; and 
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Wherein the glass component is expressed by a chemical 

formula MxSiO3, Wherein “M” includes at least one of 
Ba, Ca, Sr, Li and B and “x” is in a range of 2/3 to 2. 

2. The dielectric ceramic composition as set forth in claim 
1, Wherein a half value Width of a peak of (1 11) plane of said 
dielectric ceramic composition is 0,143 degree or smaller. 

3. The dielectric ceramic composition as set forth in claim 
1, Wherein a content of a manganese oxide in said dielectric 
ceramic composition is 0,01 mole or smaller With respect to 
100 moles of barium titanate as said main component. 

4. The dielectric ceramic composition as set forth in claim 
1, Wherein a content of a chrome oxide in said dielectric 
ceramic composition is 0,01 mole or smaller With respect to 
100 moles of barium titanate as said main component. 

5. An electronic device comprising a dielectric layer 
composed of the dielectric ceramic composition as set forth 
in claim 1. 

6. A multilayer ceramic capacitor comprising a capacitor 
element body obtained by alternately stacking dielectric 
layers composed of the dielectric ceramic composition as set 
forth in claim 1 and internal electrode layers. 

7. The multilayer ceramic capacitor as set forth in claim 
6, Wherein a capacity-temperature change rate (AC/C20) in a 
state of being applied With a direct current voltage having 
electric ?eld strength of 1 V/um at a temperature of 85° C. 
is Within 110% When assuming capacitance With an applied 
voltage of 0V at a temperature of 20° C. as the criterion. 

8. The multilayer ceramic capacitor as set forth in claim 
6, Wherein a thickness of said dielectric layer is 3 pm or 
thinner. 

9. The multilayer ceramic capacitor as set forth in claim 
6, Wherein, When measuring a high temperature load lifetime 
by maintaining a state of applying a direct current of 30 
V/um at a testing temperature of 200° C., time from the start 
of the application of said direct current voltage until reach 
ing of a current value of a detected current to 2 mA or higher 
in a state of being applied With said direct current voltage is 
25 hours or longer. 


